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(57) ABSTRACT

A massive heat slug 1 thermally coupled to the top of an
IGBT to act as a local thermal inertia element to absorb and
store heat from the die during peak temperature rise and to
return heat to the die at reduced die temperature, thereby
reducing the ratio of die peak temperature to die average
temperature. The device 1s useful 1n applications 1n which
the IGBT 1s called upon to carry current at a range of
frequencies which includes very low (eg 3 Hz) frequencies
as 1 a motor control circuit.

18 Claims, 2 Drawing Sheets
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1
TOP HEATSINK FOR IGBT

CROSS REFERENCE TO RELATED
APPLICATTION

This application 1s based on and claims priority to U.S.
Provisional Patent Application Ser. No. 60/071,988, filed
Jan. 20, 1998, entitled TOP HEATSINK FOR IGBT, the
entire disclosure of which 1s incorporated herein by refer-
ence.

FIELD OF THE INVENTION

This invention relates to IGBTs which have high thermal
capacitance and more specifically relates to IGBTs which
are particularly useful for motor controller application. A
very thick heatsink 1s in contact with the junction or top side
of an IGBT die surface to act as a thermal capacitance for the

die.
BACKGROUND OF THE INVENTION

Insulated gate bipolar transistors (IGBTs) are commonly
used 1n the inverter circuit section of motor drive circuits.
Inverter circuits of this kind are shown, for example, 1n U.S.

Pat. No. 5,825,641.

When the motor of a motor drive circuit turns very slowly,
the power output of the 1nverter 1s at very low frequency, for
example, 3 Hz. The relationship between IGBT transient
thermal impedance and 1ts peak junction temperature rise 1s
a Tunction of the output frequency of the motor drive
inverter. The same output current 1s generally required at all
output frequencies. The rated output current of an IGBT die
for a particular circuit 1s, therefore, limited to that obtainable
at the lowest output motor current frequency, typically 3 Hz,
since the junction temperature 1s at its highest at this
frequency. More specifically, while the IGBT device will
switch at a frequency between 1 KHz to 20 KHz, the meter
current which 1t carries may have a frequency as low as 3 Hz
at slow spaced rotation.

If the transient thermal impedance can be reduced, the
ratio of peak to average junction temperature will be
reduced, and increased output current can be obtained at 3

Hz for a given IGBT die.

More specifically, the ratio between peak and average
junction temperature at 3 Hz can be approximated as:

I pk Ri75ms

=1+2.2

LTay Rupe

where R, - _1s the transient thermal resistance for a 75 ms
current pulse and R, .~ 1s the DC thermal resistance of the
IGBT. T, 1s the peak junction temperature and T, 1s the
average junction temperature. For IGBT devices presently
made by the International Rectifier Corporation of El
Segundo, Calif., R, /R~ 1s about 0.8, which gives
T,/ T;4,=2.8. It would be desirable to reduce the transient
thermal resistance since that would allow the use of a
smaller die for a given motor controller application.

BRIEF DESCRIPTION OF THE INVENTION

Transient thermal resistance 1s reduced, mn accordance
with the invention, by placing a thermal mass on the top of
the IGBT die within 1ts package. The system of die and mass
and package then has a thermal inertia, or thermal capaci-
tance. This 1s preferably achieved by soldering or otherwise
thermally connecting a slug of copper, or other material, to
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2

the top of the die. The die may have a solderable top metal
as shown, for example, 1n U.S. Pat. No. 5,047,833, entitled
Solderable Front Metal Contact for MOS Device, 1n the

name of Gould.

It can be estimated that a 0.2 1nchx0.2 1nch area, 0.4 inch
high copper slug soldered to the top of a size 5 IGBT die
(sold by the International Rectifier Corporation of EI
Segundo, Calif.) would give a reduction in T;pz/T ;.- from
the present value of 2.76 to 1.22. This would yield a
corresponding increase 1n inverter output current capability
of about 80% for the same die size.

Less dramatic, but still significant increases in output
current would be achieved with a less thick slug. For
example, a 0.1 inch slug would give a reduction 1n T,,./
T,.., of 1.88/2.76=0.68, and a corresponding increase 1n
output current of about 20%.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a top view of a typical IGBT die.
FIG. 2 1s a side view of FIG. 1.

FIG. 3 1s a top view of a copper slug atop the surface of
the die of FIGS. 1 and 2.

FIG. 4 1s a cross-section of FIG. 3 taken across section

line 4—4 1n FIG. 3.

FIG. 5 shows curves of the temperature rise of a silicon
die with and without respectively a top mounted heatsink for
a pulsed input current.

FIG. 6 shows the typical junction-to-use temperature
fluctuation at 3 Hz output frequency.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring first to FIGS. 1 and 2, there 1s shown an IGBT
die 10 which may be a size 3 IGBT die which is sold by the
International Rectifier Corporation of El Segundo, Calif.
The die has a bottom collector contact 20, and has an ematter
contact pad 21 and a gate contact pad 22 on its upper surface.
The upper surface may be solderable, as described 1n U.S.
Pat. No. 5,047,833 to Gould. Note that the present invention
1s also applicable to other semiconductor die, for example,
diodes thyristors, power MOSFETs and MOSgated thyris-
tors.

In a conventional application, the IGBT die 10 is sup-
ported by soldering, or the like, on an IMS substrate as
shown 1n FIG. 4. Thus, the IMS substrate has a patterned
copper layer 30 which 1s atop a thin insulation layer 32
which 1s fastened to an aluminum base plate 31. It should be
noted that other support surfaces and packages can be used
with die adopted with the present invention. Further, it
should be noted that the IGBT die can be copacked with
antiparallel diode devices and the like, and that such diodes
can also be provided with heat slugs of the kind described
herein.

The die contact 20 1s then soldered or otherwise con-
nected (as by a conductive epoxy) atop copper layer 30. In
accordance with the invention top conductive slug 40 1s then

soldered, or otherwise thermally connected to the top of die
20. Slug 40 1s preferably copper. Slots 41 and 42 1n slug 40
enable access to the bonding pads 21 and 22.

Slug 40 1s preferably thicker than about 0.08 inch and 1s
at least as large 1n area as the die 20.

As previously described, for a present IGBT die without
the added slug or heatsink of the invention, R, . 15 0.8 and
T,/ 141,18 2.76. For a slug of thickness 0.08 inch and up
to 0.4 inch, these values are shown 1n the following table:
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Rth?ﬁms (PEB.k
CU Slug (Thermal Temperature

Thickness (in) Resistance) Reduction)
0.4 0.1 1.22
0.2 0.2 1.44
0.133 0.3 1.66
0.1 0.4 1.88

0.08 0.5 2.1

FIG. 5 shows the reduction 1n temperature rise for a
simulated 50 millisecond power pulse 1nto a size 3 IGBT
having a copper slug 20 mm~ in area and 1.25 mm high atop
the die. It will be noted that the added thermal mass causes
a substantial reduction 1n peak temperature rise.

Viewing the invention 1n other words, the peak junction to
case temperature rise of an IGBT 1n a PWM inverter for
motor control increases as the output frequency decreases,
because at low frequency the instantaneous junction tem-
perature has time to follow the nstantaneous fluctuations of
power dissipation.

Typical junction temperature fluctuation at 3
Hz—assumed to be the lowest output frequency at full
current—{for an IGBT with normal transient thermal 1mped-
ance characteristic, 1s shown 1n FIG. 6.

The average junction temperature rise equals the DC
thermal resistance multiplied by the average power
dissipation, but the peak rise 1s more than 2.5 times the
average value. Thus, the effective DC thermal resistance for
design purposes at 3 Hz 1s more than 2.5 times the actual DC
value.

The transient thermal impedance, hence also the effective
DC thermal resistance at low output frequency, 1s reduced by
adding the “heat slug” 40, previously described, to the top of
the silicon die. The function of the heat slug 40 1s to absorb
heat from the junction during peaks of power and return 1t
during valleys, smoothing instantaneous fluctuations of tem-
perature.

The heat slug 40 1s not required or intended to transmit
heat to the outside world, (though it does not hurt if it does);
rather, its function 1s to provide local thermal mertia closest
to the heat-generating part of the silicon. This 1s similar to
the function of a capacitor 1n smoothing voltage ripple.

Thus, though the heat slug 40 does not reduce actual DC
thermal resistance, it does reduce the transient value, hence
it reduces the effective design thermal resistance at 3 Hz,
which governs peak junction temperature.

In a further example, it 1s estimated that a 0.2 inch cube
copper slug mounted on top of a size 5 IGBT would lower
the transient impedance at 75 ms from 0.8 to 0.2° C./W. The
corresponding effective thermal resistance at 3 Hz would be
reduced from about 2.8 to 1.4° C./ W—iu.e., a reduction of
2:1.

The foregoing description of the preferred embodiments
of the present invention have been provided for the purposes
of 1illustration and description. It 1s not intended to be
exhaustive or to limit the invention to the precise forms
disclosed. Many modifications and variations are possible in
light of the above teaching. It 1s intended that the scope of
the invention not be limited to this detailed description, but
rather by the claims appended hereto.

What 1s claimed 1is:

1. An IGBT for a motor control circuit which can drive a
motor 1 a range of speed including very low speeds
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requiring the IGBT to carry at least a portion of the motor
output current which has a frequency of about 3 Hz and
greater;

saild IGBT comprising a silicon die having IGBT junc-
tions formed 1n its top surface to define emitter and gate
regions and having a collector electrode on 1ts opposite
surface;

said collector electrode being at least thermally coupled to
a support surface;

and a heat slug having a thermal conductivity substan-
tially greater than a thermal conductivity of said die;

said heat slug being thermally coupled to said emitter
region of said die for absorbing and storing heat from
said die during peak temperature conditions of said die,
and returning heat to said die during reduced die
temperature conditions, thereby to reduce a ratio com-
prising a peak temperature of the die junctions to an
average temperature of the die junctions, substantially
without reducing DC thermal resistance, said heat slug
standing alone and not contacting any metallic part of
said IGBT other than said emitter region.

2. The structure of claim 1, wherein said heat slug 1s made
of copper.

3. The structure of claim 2, wherein said heat slug is
thicker than about 0.08 inch and has an area which 1is
substantially coextensive with the area of said die.

4. The structure of claim 1, wherein said ratio 1s less than
about 2.1.

S. The structure of claim 2, where said ratio 1s less than
about 2.1.

6. The structure of claim 3, where said ratio 1s less than
about 2.1.

7. An IGBT comprising a die having IGBT junctions
formed 1n 1ts top surface to define emitter and gate regions
and having a collector electrode on its opposite surface;

and a heat slug having a thermal conductivity substan-
tially greater than a thermal conductivity of said die;

said heat slug being thermally coupled to said emitter
region of said die for absorbing heat from said die
during peak temperature conditions of said die, and
returning heat to said die during reduced die tempera-
ture conditions, thereby to reduce a ratio comprising a
peak temperature of the die junctions to an average
temperature of the die junctions, substantially without
reducing DC thermal resistance, said heat slug standing
alone and not contacting any metallic part of said IGBT
other than said emitter region.

8. The structure of claim 7, wherein said heat slug 1s made
of copper.

9. The structure of claim 8, wherein said heat slug 1s
thicker than about 0.08 inch and has an area which 1is
substantially coextensive with the area of said die.

10. The structure of claim 7, wherein said ratio 1s less than
about 2.1.

11. The structure of claim 8, wherein said ratio 1s less than
about 2.1.

12. The structure of claim 9, wherein said ratio 1s less than
about 2.1.

13. A semiconductor device comprising a silicon die
having first and second parallel spaced surfaces and being
p-n junctions formed into said first surface and having
conductive electrodes on said first and second surfaces;

and a heat slug of thermal conductivity which 1s greater
than that of said die;

said heat slug defining a thermal heatsink mass and being,
thermally coupled to said first surface for absorbing and
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storing heat from said die during peak temperature
conditions of said die, and returning heat to said die
during reduced die temperature conditions, thereby to
reduce a ratio comprising a peak temperature of the die
junctions to an average temperature of the die
junctions, substantially without reducing DC thermal
resistance, said heat slug standing alone and not con-
tacting any metallic part of said IGBT other than said
emitter region.

14. The semiconductor device of claim 13 wherem said

p-n junctions define a device selected from the group
consisting of IGBTs, diodes, MOSFETs and thyristors.

6

15. The structure of claim 13, wherein said heat slug 1s
made of copper.

16. The structure of claim 15, wherein said heat slug 1s
thicker than about 0.08 inch and has an area which 1is
substantially coextensive with the area of said die.

17. The structure of claim 15, wherein said ratio 1s less
than about 2.1.

18. The structure of claim 16, wherein said ratio 1s less

10 than about 2.1.
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